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(57) Abstract: A piston damper assembly (10) includes a piston 
damper (12) and a relative velocity sensor (14). The piston damper 
includes a damper body (16), a piston rod (18), and a dust tube (20) 
which is attached to the piston rod. The relative velocity sensor 
incudes an axially extending first magnet (24) supported by the dust 
tube, a flux collector (28), and a first sensor coil (30). The flux 
collector is supported by the dust tube, includes an axially-ex tending 
first prong (34) in axially-ex tending proximity with the first magnet, 
includes an axially-extending second prong (36), and includes a 
joining member (38) connecting the first and second prongs. The first 
sensor coil surrounds the joining member and/or one of the first and 
second prongs. A piston-damper dust tube subassembly (42) includes 
the dust tube and the relative velocity sensor. 
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PISTON DAMPER ASSEMBLY, AND DUST TUBE SUBASSEMBLY, HAVING A 

VELOCITY SENSOR 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims priority of U.S. Provisional Application No. 
60/405,136 filed 21 August 2002, the entire disclosure of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

The present invention relates generally to piston dampers, and more 
particularly to a piston damper assembly, and a dust tube subassembly thereof, having a 
relative velocity sensor. 

BACKGROUND OF THE INVENTION 

Conventional piston damper assemblies include a piston damper and a 
relative velocity sensor. The piston damper includes an annularly-cylindrical damper 
body, includes a ferromagnetic piston rod which is axially movable within the damper 
body and which extends axially outward from a first end of the damper body and is 
attached to the vehicle frame, and includes a ferromagnetic dust tube which 
circumferentially surrounds the damper body and which is attached to the piston rod. The 
relative velocity sensor has a magnet and a coil. The magnet is an annular disc magnet 
which circumferentially surrounds the piston rod and which is attached to the first end of 
the damper body. The coil is an axially-distributed coil which is coaxially aligned with 
the piston rod, which axially extends the entire length of the piston rod travel, and which 
is attached to the inside of the dust tube. The piston rod acts as a magnetic flux carrier 
with the flux exiting the damper body in the radial direction across a cylindrical gap to the 
axially-distributed coil on the dust tube. The voltage induced in the coil due to the 
motion of the damper body relative to the dust tube is proportional to the relative velocity . 
of the damper body relative to the dust tube. The operation of a conventional a relative 
velocity sensor is well understood in the art. However, with dampers having relatively 
long strokes (such as a stroke greater than four times the inside diameter of the damper 
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body), a conventional relative velocity sensor provides inaccurate relative velocity 
measurements because of the flux leakage from the piston rod. Also, when the piston 
damper is an MR (magnetorheological) damper, the flux produced by the MR solenoid 
interferes with a conventional relative velocity sensor causing inaccurate relative velocity 
measurements. 

What is needed is an improved piston damper assembly, and an improved 
dust tube subassembly thereof, having a velocity sensor. 

SUMMARY OF THE INVENTION 

In a first expression of an embodiment of the invention, a piston damper 
assembly includes a piston damper and a relative velocity sensor. The piston damper 
includes a damper body, includes a piston rod which is axially movable within the 
damper body and which is attachable to a vehicle frame, and includes a dust tube which 
circumferentially surrounds at least an axial portion of the damper body and which is 
attached to the piston rod. The relative velocity sensor includes spaced apart and axially 
extending first and second magnets which are supported by the dust tube, includes a flux 
collector, and includes spaced-apart first and second sensor coils. The flux collector is 
supported by the dust tube, includes an axially-extending first prong in axially-extending 
contact with the first magnet, includes an axially-extending second prong in axially- 
extending contact with the second magnet, and includes a joining member connecting the 
first and second prongs. The first sensor coil surrounds the joining member and/or the 
first prong and the second sensor coil surrounds the joining member and/or the second 
prong. 

In a second expression of an embodiment of the invention, a piston damper 
assembly includes a piston damper and a relative velocity sensor. The piston damper 
includes a damper body, includes a piston rod which is axially movable within the 
damper body, and includes a dust tube which is attached to the piston rod. The relative 
velocity sensor includes an axially extending first magnet which is supported by the dust 
tube, includes a flux collector, and includes a first sensor coil. The flux collector is 
supported by the dust tube, includes an axially-extending first prong in axially-extending 
proximity with the first magnet, includes an axially-extending second prong, and includes 
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a joining member connecting the first and second prongs. The first sensor coil surrounds 
the joining member and/or one of the first and second prongs. 

In a third expression of an embodiment of the invention, a piston-damper 
dust tube subassembly includes an axially-extending piston-damper dust tube and 
includes a relative velocity sensor. The relative velocity sensor includes an axially 
extending first magnet which is supported by the dust tube, includes a flux collector, and 
includes a first sensor coil. The flux collector is supported by the dust tube, includes an 
axially-extending first prong in axially-extending proximity with the first magnet, 
includes an axially-extending second prong, and includes a joining member connecting 
the first and second prongs. The first sensor coil surrounds the joining member and/or 
one of the first and second prongs. 

Several benefits and advantages are derived from one or more of the 
expressions of an embodiment of the invention. Having axially-extending flux collector 
prongs and an axially-extending magnet supported by the dust tube and having a sensor 
coil surround the flux collector, instead of having the piston rod act as a flux carrier, 
improves the accuracy of relative velocity measurements when the piston damper is a 
magnetorheological piston damper and/or when the piston rod undergoes a relatively long 
stroke, as can be appreciated by those skilled in the art. 

SUMMARY OF THE DRAWINGS 

Figure 1 is a longitudinal cross-sectional view of a first embodiment of the 
invention including a piston damper assembly and a dust tube subassembly thereof, 
wherein the sensor coils surround the prongs of the flux collector, and with the piston 
damper shown in jounce; 

Figure 2 is a perspective exterior view of the piston damper assembly of 
figure 1, with the dust tube omitted for clarity, with only a portion of the piston rod 
shown, with the piston damper shown in rebound, and with an alternate placement of the 
sensor coils, wherein the sensor coils surround segments of the ring of the flux collector; 
and 

Figure 3 is an end view of an alternate embodiment of a dust tube 
subassembly, with the top of the dust cover omitted, wherein the ring of the flux collector 
is smaller than that of figures 1 and 2, wherein the flux collector includes arms connecting 
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the ring to the prongs, and wherein the sensor coils surround a corresponding arm. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, wherein like numerals represent like 
elements throughout, figure 1 shows a first embodiment of the present invention. A first 
expression of the first embodiment is for a piston damper assembly 10 including a piston 
damper 12 and a relative velocity sensor 14. The piston damper 12 includes a damper 
body (i.e., a damper cylinder) 16, a piston rod 18, and a dust tube 20. The piston rod 18 is 
axially movable within the damper body 16 and is attachable to a vehicle frame 22 (only a 
portion of which is shown in figure 1). The dust tube 20 circumferentially surrounds at 
least an axial portion of the damper body 16 and is attached to the piston rod 18. The 
relative velocity sensor 14 includes spaced apart and axially extending first and second 
magnets 24 and 26 which are supported by the dust tube 20, includes a flux (i.e., magnetic 
flux) collector 28, and includes spaced apart first and second sensor coils 30 and 32. The 
flux collector 28 is.supported by the dust tube 20, includes an axially-extending first 
prong 34 in axially-extending contact with the first magnet 24, includes an axially- 
extending second prong 36 in axially-extending contact with the second magnet 26, and 
includes a joining member 38 connecting the first and second prongs 34 and 36. The first 
sensor coil 30 surrounds the joining member 38 and/or the first prong 34, and the second 
sensor coil 32 surrounds the joining member 38 and/or the second prong 36. The term 
"attached" includes directly attached or indirectly attached. The term "supported" 
includes directly supported or indirectly supported. 

The relative velocity sensor 14 is used to measure the relative velocity of 
the damper body 1 6 relative to the dust tube 20. In one implementation of the first 
expression of the embodiment of figure 1 , the voltage induced in the sensor coils from the 
relative velocity of the damper body 16 relative to the dust tube 20 is substantially 
proportional to such relative velocity, as can be appreciated by those skilled in the art. In 
the same or a different implementation, the piston damper 12 is a magnetorheological 
damper. 

In one choice of materials for the first expression of the embodiment of 
figure 1, the dust tube 20 is not magnetizable such as being a plastic dust tube. In the 
same or a different choice of materials, the flux collector 28 is magnetizable and consists 
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essentially of a ferromagnetic material such as steel. In the same or a different choice of 
materials, in an example where the magnets 24 and 26 are permanent magnets, the first 
and second magnets 24 and 26 consist essentially of Alnico 8 or bonded NdFeB or other 
suitable permanent magnet material. In the same or a different choice of materials, the 
piston rod 18 consists essentially of a low-magnetic stainless steel or a nonmagnetic 
stainless steel, and the damper body 1 6 consists essentially of steel. In one arrangement, 
the first and second sensor coils 30 and 32 are connected in series. 

In one example of the first expression of the embodiment of figure 1, the 
first and second prongs 34 and 36 are attached to the inside of the dust tube 20. In the 
same or a different example, the first magnet 24 is attached to the first prong 34, and the 
second magnet 26 is attached to the second prong 36. In the same or a different example, 
the joining member 38 includes a ring 40 coaxially aligned with the dust tube 20. In one 
design, the first and second magnets 24 and 26 do not axially extend to the ring 40 but are 
axially spaced apart from the ring 40. In one illustration, the first and second magnets 24 
and 26 axially extend a distance which is greater than the inside diameter of the damper 
body 16, and in one variation axially extend a distance at least equal to substantially the 
stroke of the piston rod 18. In the same or a different illustration, the first and second 
prongs 34 and 36 axially extend a distance which is greater than the inside diameter of the 
damper body 16, and in one variation axially extend a distance at least equal to 
substantially the stroke of the piston rod 18. 

In one variation of the first expression of the embodiment of figure 1, the 
first and second prongs 34 and 36 and the first and second magnets 24 and 26 are 
substantially aligned along a diameter of the dust tube 20. In this variation, the first prong 
34 and the first magnet 24 are one-hundred eighty degrees apart from the second prong 36 
and the second magnet 26. In one modification, the first sensor coil 30 surrounds the first 
prong 34, and the second sensor coil 32 surrounds the second prong 36. In an application 
where the piston rod 18 is attached to a vehicle frame 22 and is substantially vertically 
oriented, the first and second sensor coils 30 and 32 are said to be vertically mounted. It 
is noted that all of the magnetic flux will flow through both the first and second sensor 
coils 30 and 32 improving the signal level of the relative velocity sensor 14, as is 
understood by the artisan. 
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An alternate placement of the first and second sensor coils 130 and 132 is 
shown in figure 2. In figure 2, the first sensor coil 130 surrounds a first circumferential 
segment of the ring 140, the second sensor coil 132 surrounds a second circumferential 
segment of the ring 140, and a line between the first and second sensor coils 130 and 132 
is substantially perpendicular to the diameter aligned with the first and second magnets 
124 and 126 and prongs 134 and 136. Figure 2 also shows the piston rod 1 18 and the 
damper body 1 16, but the dust tube has been omitted for clarity. In an application where 
the piston rod is attached to a vehicle frame and is substantially vertically oriented, the 
first and second sensor coils 130 and 132 are said to be horizontally mounted. It is noted 
that one-half of the magnetic flux will flow through the first sensor coil 130 and the other- 
half of the magnetic flux will flow through the second sensor coil 132, as is understood 
by the artisan. 

An alternate embodiment of a dust tube subassembly 242 (i.e., a 
subassembly including at least a dust tube 220 and at least some components of a relative 
velocity sensor 214) is shown in figure 3. In figure 3, the ring 240 of the flux collector 
228 is smaller than that of figures 1 and 2. In the embodiment of figure 3, the joining 
member 238 includes a first arm 244 connecting the ring 240 to the first prong 234 and 
includes a second arm 246 connecting the ring 240 to the second prong 236. The first 
sensor coil 230 surrounds the first arm 244, and the second sensor coil 232 surrounds the 
second arm 246. In an application where the piston rod is attached to a vehicle frame and 
is substantially vertically oriented, the first and second sensor coils 230 and 232 are said 
to be horizontally mounted. It is noted that all of the magnetic flux will flow through 
both the first and second sensor coils 230 and 232 improving the signal level of the 
relative velocity sensor 214, as is understood by the artisan. Figure 3 also shows top-end 
portions of the first and second magnets 224 and 226. 

In one extension of the second expression, not shown, the relative velocity 
sensor has more than two prongs, and/or more than two axially-extending magnets, and/or 
more than two sensor coils, as can be appreciated by the artisan. In one variation, an even 
number of symmetrically spaced apart prongs, symmetrically spaced apart magnets, and 
symmetrically spaced apart sensor coils are used. 

A second expression of the first embodiment of figure 1 is for a piston 
damper assembly 10 including a piston damper 12 and a relative velocity sensor 14. The 
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piston damper 12 includes a damper body (i.e., a damper cylinder) 16, a piston rod 18, 
and a dust tube 20. The piston rod 18 is axially movable within the damper body 16. The 
dust tube 20 is attached to the piston rod 18. The relative velocity sensor 14 includes an 
axially extending first magnet 24 which is supported by the dust tube 20, includes a flux 
collector 28, and includes a first sensor coil 30. The flux collector 28 is supported by the 
dust tube 20, includes an axially-extending first prong 34 in axially-extending proximity 
with the first magnet 24, includes an axially-extending second prong 36, and includes a 
joining member 38 connecting the first and second prongs 34 and 36. The first sensor 
coil 30 surrounds the joining member 38 and/or one of the first and second prongs 34 and 
36. 

It is noted that in the second expression of the embodiment of figure 1, the 
piston rod need not be attachable to a vehicle frame, such as the frame of an automobile 
or an airplane, but can be attachable to another structure. An application of the piston 
damper assembly 10 is use of the piston damper assembly 10 to provide motion resistance 
on exercise equipment such as stair climbers and rowing machines. A farther application 
is use of the piston damper assembly 10 to provide motion isolation for a building, bridge, 
or other structure subject to earthquakes. An additional application is use of the piston 
damper assembly 10 to dampen vibrations encountered by vehicles and structures in outer 
space. Other applications are left to the artisan. It is also noted that the piston damper 
assembly 10 is not limited to a magnetorheological damper, but has application to any 
type of damper known or to be invented. The examples, variations, modifications, etc. of 
the first expression of the embodiment of figure 1, and of the embodiment of figure 2, are 
equally applicable to the second expression. 

A third expression of the first embodiment of figure 1 is for a piston- 
damper dust tube subassembly 42 including an axially-extending piston-damper dust tube 
20 and a relative velocity sensor 14. The relative velocity sensor 14 includes an axially 
extending first magnet 24 which is supported by the dust tube 20, a flux collector 28, and 
a first sensor coil 30. The flux collector 28 is supported by the dust tube 20, includes an 
axially-extending first prong 34 in axially-extending proximity with the first magnet 24, 
includes an axially-extending second prong 36, and includes a joining member 38 
connecting the first and second prongs 34 and 36. The first sensor coil 30 surrounds the 
joining member 38 and/or one of the first and second prongs 34 and 36. The examples, 
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variations, modifications, extensions, etc. of the first and second expressions of the 
embodiment of figure 1, and of the embodiment of figure 2, are equally applicable to the 
third expression. 

Several benefits and advantages are derived from one or more of the 
expressions of an embodiment of the invention. Having axially-extending flux collector 
prongs and an axially-extending magnet supported by the dust tube and having a sensor 
coil surround the flux collector, instead of having the piston rod act as a flux carrier, 
improves the accuracy of relative velocity measurements when the piston damper is a 
magnetorheological piston damper and/or when the piston rod undergoes a relatively long 
stroke, as can be appreciated by those skilled in the art. 

The foregoing description of several expressions and embodiments of the 
invention has been presented for purposes of illustration. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and obviously many 
modifications and variations are possible in light of the above teaching. It is intended that 
the scope of the invention be defined by the claims appended hereto. 
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CLAIMS 

1 . A piston damper assembly (10) comprising: 

a) a piston damper (12) including: 

(1) a damper body (16); 

(2) a piston rod (1 8) which is axially movable within the damper body and 
which is attachable to a vehicle frame (22); and 

(3) a dust tube (20) which circumferentially surrounds at least an axial 
portion of the damper body and which is attached to the piston rod; and 

b) a relative velocity sensor (14) including: 

(1) spaced apart and axially extending first and second magnets (24 and 
26) which are supported by the dust tube; 

(2) a flux collector (28) supported by the dust tube, including an axially- 
extending first prong (34) in axially-extending contact with the first magnet (24), 
including an axially-extending second prong (36) in axially-extending contact with the • 
second magnet (26), and including a joining member (38) connecting the first and second 
prongs; and 

(3) spaced apart first and second sensor coils (30 and 32), wherein the first 
sensor coil (30) surrounds the joining member and/or the first prong and wherein the 
second sensor coil (32) surrounds the joining member and/or the second prong. 

2. The piston damper assembly of claim 1 , wherein the piston damper is a 
magnetorheological damper. 

3. The piston damper assembly of claim 1, wherein the first and second prongs are 
attached to the inside of the dust tube. 

4. The piston damper assembly of claim 3, wherein the first magnet is attached to the 
first prong and wherein the second magnet is attached to the second prong. 

5. The piston damper assembly of claim 1 , wherein the joining member includes a ring 
(40) coaxially aligned with the dust tube. 
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6. The piston damper assembly of claim 5, wherein the first and second prongs and the 
first and second magnets are substantially aligned along a diameter of the dust tube. 

7. The piston damper assembly of claim 6, wherein the first sensor coil (130) surrounds a 
first circumferential segment of the ring (140), wherein the second sensor coil (132) 
surrounds a second circumferential segment of the ring, and wherein a line between the 
first and second sensor coils is substantially perpendicular to the diameter. 

8. The piston damper assembly of claim 6, wherein the first sensor coil surrounds the 
first prong (134) and wherein the second sensor coil surrounds the second prong (136). 

9. The piston damper assembly of claim 5, wherein (he joining member (238) includes a 
first arm (244) connecting the ring (240) to the first prong (234) and a second arm (246) 
connecting the ring to the second prong (236), and wherein the first sensor coil (230) 
surrounds the first arm and the second sensor coil (232) surrounds the second arm. 

10. The piston damper assembly of claim 1, wherein flux collector consists essentially of 
a ferromagnetic material collector. 

1 1 . A piston damper assembly ( 1 0) comprising: 

a) a piston damper (12) including: 

(1) a damper body (16); 

(2) a piston rod (18) which is axially movable within the damper body; 

and 

(3) a dust tube (20) which is attached to the piston rod; and 

b) a relative velocity sensor (14) including: 

(1) an axially extending first magnet (24) which is supported by the dust 

tube; 

(2) a flux collector (28) supported by the dust tube, including an axially- 
extending first prong (34) in axially-extending proximity with the first magnet, including 
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an axially-extending second prong (36), and including a joining member (38) connecting 
the first and second prongs; and 

(3) a first sensor coil (30) which surrounds the joining member and/or one 
of the first and second prongs. 

12. The piston damper assembly of claim 1 1, wherein the piston damper is a 
magnetorheological damper. 

13. The piston damper assembly of claim 1 1, wherein the first prong is attached to the 
inside of the dust tube. 

14. The piston damper assembly of claim 3, wherein the first magnet is attached to the 
first prong. 

15. The piston damper assembly of claim 11, wherein flux collector consists essentially 
of a ferromagnetic material. 

1 6. A piston-damper dust tube subassembly (42) comprising: 

a) an axially-extending piston-damper dust tube (20); and 

b) a relative velocity sensor (14) including: 

(1) an axially extending first magnet (24) which is supported by the dust 

tube; 

(2) a flux collector (28) supported by the dust tube, including an axially- 
extending first prong (34) in axially-extending proximity with the first magnet, including 
an axially-extending second prong (36), and including a joining member (38) connecting 
the first and second prongs; and 

(3) a first sensor coil (30) which surrounds the joining member and/or one 
of the first and second prongs. 

17. The piston damper assembly of claim 16, wherein the piston damper is a 
magnetorheological damper. 
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18. The piston damper assembly of claim 16, wherein the first prong is attached to the 
inside of the dust tube. 

19. The piston damper assembly of claim 18, wherein the first magnet is attached to the 
first prong. 

20. The piston damper assembly of claim 16, wherein flux collector consists essentially 
of a ferromagnetic material. 



WO 2004/018893 



PCT/US2003/026080 



1/3 




FIG.1 



SUBSTITUTE SHEET (RULE 26) 



WO 2004/018893 



PCT/US2003/026080 



2/3 




FIG. 2 



SUBSTITUTE SHEET (RULE 26) 



WO 2004/018893 



PCT/US2003/026080 



3/3 




SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date 
4 March 2004 (04.03.2004) 




PCT 



(10) International Publication Number 

WO 2004/018893 A3 



(51) International Patent Classification 7 : 



B60G 11/26 



(21) International Application Number: 

PCTAJS20O3/026O80 

(22) International Filing Date: 19 August 2003 (19.08.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/405,136 
60/429,592 



2 1 August 2002 (2 1 .08.2002) US 
27 November 2002 (27. 1 1 .2002) US 



(71) Applicant: DELPHI TECHNOLOGIES, INC. 
[US/US]; Mail Code 480-410-202, P.O. Box 5052, 
Troy, Ml 48007-5052 (US). 

(72) Inventors: NEHL, Thomas, W«; 5001 Eastbrook Court, 
Shelby Township, MI 48316 (US). DENG, Fang; 24667 
Bethany Way, Novi, Ml 48375 (US). 



(74) Agents: MCBAIN, Scott et al.; Delphi Technologies, Inc., 
Legal Staff, P.O. Box 5052, Mail Code: 480-410-202, Troy, 
MI 48007-5052 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

[ Continued on next page] 



(54) Title: DAMPER DUST TUBE HAVING VELOCITY SENSOR 




42-2^. 



< 

OS 
00 
00 



© 



56 
Ed 
20 



4 



■41 

i 

'in 

r 73 



t6-^; 



\ 
\ 



azzzzzaaz 



I- 

f 



•34 
• 24 



-12 



(57) Abstract: A piston damper assembly (10) includes a piston 
damper (12) and a relative velocity sensor (14). The piston damper 
includes a damper body (16), a piston rod (18), and a dust tube (20) 
which is attached to the piston rod. The relative velocity sensor 
incudes an axially extending first magnet (24) supported by the dust 
tube, a flux collector (28), and a first sensor coil (30). The flux 
collector is supported by the dust tube, includes an axially-extending 
first prong (34) in axially-extending proximity with the first magnet, 
includes an axially-extending second prong (36), and includes a 
joining member (38) connecting the first and second prongs. The 
first sensor coil surrounds the joining member and/or one of the first 
and second prongs. A piston-damper dust tube subassembly (42) 
includes the dust tube and the relative velocity sensor. 



WO 2004/018893 A3 lllll 111.11 III II III Nil llll llllll IN llll IIJlllllll 1 III 



Published: 

— with international search report 

— before tlte expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

29 July 2004 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCTAJS03/26080 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : B60G 11/26 
USCL 188/322.12 



According to International Patent Classification (IPO oridte dv national classification and IPC 
B. FIELDS SEARCHED _ 

Minimum documentation searched (classification system followed by ti^aei&Mtjon symbols) 
U.S. : 188/267.267. 1 , 267.2, 322. 12 



Documentation searched other than r"i"irrnim documentation to the extent that such d^cuments>a^.ra*jded in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms <cfk££ 



*&C DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



X C<<US, 5, 251,729 A (NEHL ET AL.) 12 October 1993 (12.11.1993) 

^figure 1, column 3, lines 5-65 
A,P US, 6,5 16,926 B2 (USENKER ET AL.) 1 1 February 2003 (1 1 .02.2003) 

A US, 6,378,671 Bl (CARLSON) 30 April 2002 (30.04.2002) 



Relevant to claim No. 



1-20 



| | Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of dted documents: 

"A* document denning the general state of the art which Is not considered to be 
of particular relevance 

"E" earlier application or patent published on or after the International filing date 

*L" document which may throw doubts on priority clalm(s) or which Is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

"P" document published prior to the international filing date but later than the 
priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but dted to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed Invention cannot be 
considered to Involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled In the art 

document member of the same patent family 



Date of the actual completion of the international search 
05 April 2004 (05.04.2004) 



Date of "filing of the international search report 




Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Facsimile No. (703) 305-3230 



AyUhpi 
yMattb 



razed officer 
atthewC. Graham 



Telephone No. (703)308-1113 



Form PCT/ISA/210 (second sheet) (July 1998) 





PCT/US03/26080 


INTERNATIONAL SEARCH REPORT 





Coatinuation of Item 4 of the first sheet: 
The title-iS*co.long. The new title is as follows: 
"Damper Dust^nbc. Having Velocity Sensor". 



FormPCT/ISA/210 (second sheet) (July 1998) 



